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(54) ROBOT CONTROLLER 

(57)Abstract: 

PURPOSE: To provide a robot controller which can 
indicate the optimum position of a work to an operator 
with consideration taken into the robot performance. 
CONSTITUTION: A CPU 1 1 controls every part of a 
controller 3 by means of a RAM 1 3 and based on the 
control program stored in a ROM 12. An operating range 
indicating device 17 moves the tip of a coating gun held 
by the arm tip of a robot 1 along the outer edge of a 
coating range. Then the CPU 1 1 automatically correct 
the teaching data so that a work is kept in the coating 
range and also the work is set at a position where the 
highest working efficiency is secured for the robot 1 
while considering the ratios set among the angular 
velocity, the angular acceleration, the maximum angular 
velocity and the maximum angular acceleration 
respectively for each axis of the robot 1 when it moves. 
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(57) [ann] 

[«J*] CPU11H ROMl 2«C|a»*ttfc»J» 

^WyjUic'ifc^x, rami 3 %m^x%m*'no r 

36^^«Sr!68Ki©*teciBot»»*-frS. CP. 
**:a»«fc*]Ers. CPUllll 

h i sWftfc j»* J; < flares 6ffietc UK6J;5 




(2) 
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^ / 
[MM 3] h^T— A^«fcRttb*ifcfls 

"C, 30 

HtflSWiiM^— ^co^^Miap^^ K(Ojffi«»jcfeJt5* 

40 



IM*3S4] p#s> hr-A<o3tffl^sa:»tbtL^f^8 

ft«r, (WEf^*fc»»S*«ri^l?#6«*-e«>6 

fflE*^9ISffi«A »-l»Ef«R*ofP»<Z5»* £ ft S 17 
- * fcBf £0>¥80> R Hi * -frft a* b * 9 

^-r^Lii^— ^{cov^t, lltrEttit7*— *<0 5bllftEp 

LT»»*-fc\ BtFE»^«H:^*^j2275SStrE^«l^- 

IftJlS^-r- ^ ^ffiE*^3dtttHttM * 6 * 

t\ ilinE«Jf*il:*cj4WEK»^-^W#iZZ^»LT^ 

E»ff««it*«:*«>*-fr, mmm&^mznmitwm 

M:***3awffl«c^tSorfl(rEaBift^--^ «r»«i*^:tt 

IM*«5] **oiae«i-eai»*ixfcp#y hr- 
^<Djfe*S»JiR»tb*bfcfP«A«r««*-a:. mfenftmz 

WEf^«A^#tbB*^*3^T, «TE««wiHltett<o-ttL 
WE«»^lHltetto^*L-?fix(OSftEft5aSlt<o 5 bs * 

WEfpiB*o**aaMi«rto#tf«A^»L-c, me 
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m^mMtofkxmmmwftv&mmmcttisX. mm 
a , 

[00 0 1] 
[00 0 2] 

mftznoo #m±, *>y^ ^m^mm*m\,^xm^ 

ptf * h£ffljf££l££r £ft<, IT^t^ 

^^tt ? ^ y 4 t \z±mx% 

[0 0 0 3] 0 5 Olia^P^y h<OW193Se*fflV^ 

So Ptfyhl-tt* 1 b t 4o^lHj|5ttl 

c 1 — 1 c 4 &^ft4 &mm<D**yW<Dvy$y b {¥■ 

Sr*o»fPtfiHrt (KT, KK^2*s^iBi-j-ar. k<0 



[ooo'4] a«gf i0 3it cpu (+**Qffl3£ 
B) , rom (y — k*->>»j p^y) , RAM (y>V 

AT^ir^^-y ) , 7p^^x^ Yy^-J 

T> FDD(f:#t5) «^&ft9; >5r— >OH 0 3 a \Z 

j;otp^^ h i stir i^s. mmmm 

10 311 P#s> b llZftM£tltil=->'=i<~-#'&&mL 

it&mmbi c i-i c 4<D&mfrhm&#is2ftm<o 

10 tiLW&±X**i£y bl<D&&&&#>* %t7jk[zl:^X-$-?L 

#y m ^»f^firfM»-rs. mmmmi o 3«, 

^5clftf^iS«4 <h mttfrltx Xlsyj ^&nmw. k L 
[0 0 0 5] #S»fPK«4«:, A*ffl*-*#*fM: 

la, 1 b Ofi ^^7- A l b (D^B^ f>^^y 2 it 
:i:^5c t7 7^^gii0 4it cpu, 

ROM, RAMCDffiiC^*:/!^, ^— jtf— K, FD 

D*"*r*u p#y> l^mmmm 0 3 1 orated- 
-e&5 0 ^7^>t^gli 0 4ii _bieROM(cp 

[0006] wtmm 1 0 3 *3 j;uq^i*f£s«4 &m 

ixS?7 — ^35SftK«SHrt^3EU<iR*S J: 5«cp*y h 

©: sh"^— PTP (Point To Point) £fcf*C 
40 P (Continuous Pass) ^<D^mX, K3g^^2JfefiB^ 

^K«*T«», &5^f^^77'f^u 1 At5i6 
so [0 0 0 7] t77>fy«*tt, JilB^V^-Oife^i: 
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x&>z> Q ^stt^^x-^ji, x-yy-O'&^mw: 

1 0 3rtI(OFDDT4iMH 0 3— 

[ooo8] *>y-iism7Ftutz.[tt7 7<<< ismmzz 
^xm^y-^^^^ti^t. ^u™*^ mmm 

1103 <DW){^— KSri^^e— KlCir y h U IS^x 
— ^^rW4fe^^. p* * h 1 fc*WfcfcK«s*«rfT*>B: 

I^Tt5 0 L^L, iSl^f, ^--<u— ^SEl 2 o 

p#;y h lco®j^T^, SMf 10 30) 

43 <fc U^*fl=ra|K*4:^ 9 DM". 
[0009] *77 4>Wfc<Dm&. ^ryy>(> 

t^SEi o 4(Dmffi±\z&rt fXfot), 3& 

£ 0 1bZ>V7fsy hi>'*^J*[CttLX&m£tltz&7F'T— 

[ooio] ife^— *oi?£{£<fcoT#e>*LS 

IWMt&oTt, Will 0 3f*ifr^r~^£ 
»4^t6i«KL x gpMfdptfry h 1 wttfPSrffih-T 

it^tl^ttfc^, $ij«£®l 0 3tto^y h lO 



[0011] 

[0 0 1 2] ©y htt9tC*3V^T« 

^>**p*y hSrttf^S-arSt, ^r-^CTLti 
SSttilOfllftjftSttTL, •?:coy!:^^n 3 p®^^:L<ig:T 

[0 0 13] ®i^feJ:W^o|fti?3gLliIfc36s*<tt 

•JffSfiS 5 r^lWWS 0 

[0014] 

m&<omm$tiiz£^xMfr£tiz r-^cDVtm^mi h 
tiiz{$mMr*m^xmfe<Dim&'fTi o*^ h*<w«i-r 

s^6«>ffl*K j: o #imm±mmmw<vmnicfe^xitom 

[0 0 15] m*3g2BttC>SHI3, §9*^1 lE«fc(7)P 



(5) 



^mW^8 - 1 9 4 5 1 2 



E^*tt«36«mE«*a«iii«o^^fcs»-&, striae 

WE»«i*lRl«:ae3E**6#«i*lftae!E#«i*r* 
[0 0 1 6] . W*«3|Btt(038Wtt, p^^h(OT-i. 

y h©«WPI«fc#i*T\ ifflE*fc»7 f -#a>5fc«EEi 
DEWtil^-^Sr, cttb^^^ii 19 * 

tsf-^tft^i:, WE**?*- * te# l 

COS S oKjao±ft«i»t-S*J^Tfc5»f^fla«lt*S: 20 
#ae>S«JM*&& % JtfJE^&:r-*<D^i22<0 9*>, 

3a^f^^9^^ia^^-^^w^ffij^^ me 
**^-^4riiites-a:6*tjE#ai:, mE8e*^-*# ' 

[0 o l 7] »*«4Ett<z>3SWtt, nTKyhT-^co 
•*;-JJf)t«>fW»*1T 5 n ■# 5/ "UrtmHrSb o jy H (DM 



d<ttE»*:»aM*rt»c**»ciR45*-e, l!fJE*S## 

aicttfflEaEftT 5 — ^ o*ia(c» Lr«iE»fp««it* 

atfE«F^I9;(c^strEib^«l«it*ft*:iZ2<o<B 

[0018] »4tq(5E4R^«nMt. mm^mmrnxm 

E«»©HI(^©*ft**tte#LT*i««*:*«)SAa[ 
'ft*fcfcl3MH:^ ffiEm*co[H]^WcDME^3ta^Ieie 

<h> ^E^o0tett£D^^tLOffrE^5iSito 5. 

i-cto r*fi)c * ix s £ itttttA«« * 

[0 0 19] «#*6B«w*flli ffl«0|l|i|£itt-THi 

o«»SS«k:*5V^"C, «HEfHK*©»»W^*5V^r, Sfl 
E^^lHlteWlO^tt^tt^^UT^^D^^*^^^ 

S:> WJE**o|BlK«^**t^tb(cov>-c*«)SA»Pa 

lx, ftofcftMm&f&t>m*m7£<om&±x&zfr&fr 
±<Dmfcmmmmxm&^irmm&\£j:<>xmf8.£ti 
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[0 0 2 0] 

i&m] »3WiEto8«iaiitf, ntt^Stttt* 

[0 0 2 1 ] W**2IB«o*W^J:*Ltf, 

a ^Sffi w*»*«ut«*rt * a a«j&*fc*u*M- a . 
[0022] 3ia«<o«wjcj:ntf, 

Tifea^fcft ^©+4?J*«r*i^i: LTBMK 

±iafc*a*-e. mm^mc&&&^-*(Q&mi l zML 

[0 0 2 3] »#*4lE*o*fflteJ;jh,tf* 
ft <n&mo)oib % *t«?i-S»f^««tt;*ds 

[0 0 2 4] »*«51Bi»©»W*cJ:titf, ^itS^Ui 
flttltllW#WttttltolB^ 



*«*rra. 

[0 0 2 5] W#*6|B*©»WfcJ:ixtf, £fAD3£S^ 

[0 0 2 6] 

ov*-c liHi^^-rar.^^. (d/dx) 2 i*xt::o^-t 2[h] 

»^"ra r t Sr^i-o (d/dx)ytey = f (x) 

20 SrxJcov>r 1HH!([»L, (d/dx) 2 ylly = f (x) * 
x fcoV*T 2 BHMH" * r <t ^r^-To 
[0 0 2 7] HlttroiSMw— SSJte0UlcJ:-5paKy h 

y^B-cfc'a. cpu ,(W«1) mi, rom 

(y-Kt^^^ey) 1 2tC|S«^tLfc$iJt»^n^7 
^Cffiot, RAM (7^7^^^*!)) 13S: 

-fa. Sfc, CPUllli, ^^vis^^Scofy 

30 T, ROMl 2^P^y h 1 Sr#J1»i-ayii«>«>»J»^ 
p^A** RAMI 3d>P>«»^tt»ftftS:K^a. 

5„ CPUllIt FDDHM^TRAMUM 
»SixTV^5rt»S:7 p y \**r 4 * 9 M«#i-a 
T'#a o ^^^2ft*Ottil3ft«*WJ:^tLfcO, p# 
y b 1 Lfc»-&fcft CPUlll^e- 

# i ea» bi\ dtucto-c* tf-^u— * 

[0028] »^«5fflji^^« 1 7 ft mm*> 2 
40 * mmmm o t»» s * a oift^fifflig^*^ 

(H 6 -El 9 #RS) *fc, i&^«Bffllt^3SBl 

7ft ¥ro«fMSI14*»&«)AA«r»lc:KaUT*30, 

l SrflEihS-fra„ 

[0029] pj^$/M O^-lHltett 1 c 1 — 1 c 4 (Cii 
i^— tK^e—^ l 9*5J:t/^v =— i/2 0*srtjR*ixTi^ 
5 e CPUl ias|WLfcl«*y2 0»l|jlj8J:t» 

so tcSHftStt, 1^— 9 l 9^j£k*ta. i^— Tjf^e— 



( 7 ) flrWW 8-194-512 

11 .12 

-J±l a&Xlfil b&mmTZo — ^2 0te, ± WatZ&ir¥4T\)>? 1 d&ftl*Xs T — ai a £±t 

Cil c 1 — 1 c 4fdrt^^tb?t^— xjf^— ^ 1 9 (Dm t$ 1 bii^^7l^^lcrat? 

teftff£fc5S«<0tfcm-C&6. CPUl lli v xyn- ff) ©liltett 1 c 1 0>£ft& fl i = 0° «t-T-5o ¥*tJJ 
^2 0*stfcffiLfcAiSff*3j;t^IsIteftflES:" : t fc -^ 1 d £>— tf&fcRtt btitzmmtib 1 c 2 0 2 **[6H- 

/<18^LTH!5^ T-Ala, 1 b (OS3K\ EMEU 1 a Srfcei^t. 

^^>-2^<7)M^^ftfl[-rs o 3p®±tdfe^i:#oieIteWl a<D#g£r 02 = 0° £-r 
[0 0 3 0] El2tt»J»afi«3S:fflt^a*fflo^ ; x h 10 £. 

^^xA(O#|jSfc0!ISr^i-^tt|g-C*)5 o ClOlBfcjSV* [0 0 3 2] T — -A 1 a Affile IS it btl7t[Hlte*(6 1 c 

tf\ -t^ttM4:«i»i"So i«/Ttiiffip^^h — a i b^r— a i a iEift^tto/t^#oiaMetti 
^r^l^v>Tlt *J«SS«i o 3 «cftA-cfB»J»3S« bco^S^0 3 =o° <t-rs 0 t*-a l b<D$fcittu:Rtt 

^t/^^7 7^^S/T^fl0 4 (@4 9$i) 60 fclnj^jt <t £ (OlHl^tt 1 c 4 (DftStfr 0 a = 0° -T£ 0 

B^fcMMfr-*-*. [0 0 3 3] frSMENi 4 IH<Z>Ett«rBI 3 tC^-f r 

[0 0 3 1] Hk^, la3S^fflV^T**l£«y-e^£fflS1^6 1, r 2> rs, r 4 , rs, r b «fc 5 «C 5 i , »3S 

P2Ky MODES' h^-^ffiM^jRf ^/WCO^ 20 #^2<7>&J«0>«BJ (x. y, z) #<fct>^fcftgct 

x = ncosfli + r2cosfl2+r3cos (02+03) — res i n 04 

(1) 

y = r2sin02+r.3 8i_n (02 + 03)+rs • • • (2) 

z = — n s i nfli - r 4 — r 6 c o s 0 4 (3) 

o=.04 (4) 

o±5^*StL*. ft«K (x, y, z) :teJ:tflg<Mfta 

[0 0 3 4] ±|E^* (1) - (4) t) . «IbHENi1 Kj^m<!r^p 0 ±|B<05£ (1) ~ (4) Srft* 

ci-ic4^s (0i, 02, 0 3l 04) kmrntfis (5) (1 6) \z.mir&o\z.$m-t'z>z.bK&<>x, 

2<D9tm(Omm (x, y, z) *5j;t/lHlte«Sai:f4l 30 ^^/>-2C03fe^COffi:e (x f y, z, a) ^fe#|aJte 

WllcatJC&U&oTi^S:: i:^^5o ^<£>cfc 5l-JtfE |lcl-lc4^S (0i, 0 2| 0 3, 0 4) £r#*6 

cost (1) — (4) SrJfl^T, #B6*lcl-lc4 6 r t *MMW)^&i&k i^5 0 

(0i, 02, 0 3 , 0 4) ^biS^y2(Z)» [fj&i] 



40 



50 
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9* -a (5) 

sinfli ='(-z-r 4 -rj sinfi 4 )/r, ... (6) 
cosS, = ; 1 - s i n 2 <9j • • ( 7 ) 

0' =tan-' sin *- . . (8) 

c o s 6 1 

x a = x — r , cosfl, - r 6 cos^ ....... (9) 

y.=y+r 5 • QO) 

r a = /x. 2 +y a 2 . . (11) 

0= t a n _1 2Ll_ - (12) 

- 1 r a 2 +r 2 2 -r 3 2 
a = c o s 2 3 Q3) 

2 r a r 2 

h-^.-' r* 2 + r * 2 2 . : (14) 

2r 6 r 3 

0 2 =^ + a • ♦ Q5) 

6 3 =b-7C • • • (16) 

[0035] r(Dj:^^«^;ic^^T, &-r®*b^ m <D<&m*o° ^b-i5o° ^r^b^^, mm#> 2 
t^ffico^t^So ft, *nmm\z£z>mmm* [0037] s^kd^ m^tf^29um&&c\z&>z>b 
h*?'(s<i 8^(Dm&m^m.. oifK&m? 30 23fe^^^cc^e>^D^T^t!i^^:^'&tc:, mm#>- 

-f— K'<y*fc* ki P \-£Vc$W<<>, Gi (V) 2 5fe^^J;oT»^a®lilT-fo6 0 StoKDli, 

1 9fe«fcVo2Ks/ h 1 <z>fifSBB»c-eifes. >2Jfe«S^D»cfcst#Jc, 0»l c 3a>fttt*r- 

t?, **±, JftlOOS^i^ i = 1 tf> <b £ ft:® 15 0° ^^,0° S-C^bS*, aSStf^ft'fla&^D 

(E*lcl|:oK, i =2co<b#fi|lIteWll c 2ido a>&^A*^»tt£^fc»frfc., ^ 2 4fc«te ±0 

VvC, i =30^#iilEltettl.c 3^o^T, i==4co T»jMx5*Lit-C*>6o fiHW3S«3tt, r *L 0>«,il £ 

[0 0 3 6] WT^M^^T, SlfeWllc i (i= LltWm^m&TZ (1) - (4) fcfflt^r^Wot 

1-4) com*ft&Oimxte£Xfm'h'&&eim±nt\^ ^SteM 1 c 1 ~ 1 c 4 0>#lAj&*fc#tf>S r. 

c 4 0IaIi|EteHSr*i-fi-e«>S. El 4 IC*3^T, . fiLA 40 [0 0 3 8] Sbf^fSfflif ^SIB 1 7^ SMS;tf>' 

li, EMBMl c lco^ffi^o 0 tc N IUte(ftl c 2^£iffi 2 5ti»^I§|4«c^-r».iISrJS< £?^»>£li:5*&31t:: 

^IWSeta =120° (C, [HlteWl c ol^T, (g}6— Ell OICt^ P ADlg]^#^ LTIft^i- 

o° {c y 0tRttic4^S^o° U:Lrt:H$a>&3S;tfv 5 0 a^ix— Jiis^o^^Jg^-r^xi:, tbf^ 

2*«C0ffiS-efe5„ ttiH©tt, ^£#^2 5fcW^A jSfflg^gHl 7ttH4*C*-rAjtt*tftft«^>'2<0* 

£ UliKttl c 1, 1 c 3joJ:t/l c 4<Dfa i&%&W)£ J &tL&, 0 6^)^f^7 P S A 1 ^igtp 0 

0ms e c <D~ty~l/y}) 

120 0 a>e>*/jvftft8 2.in =-9o° *t?^b*-fr, ^^Mi-ettiAts^^ffittSfitsKiCv 

ft, ^3£#>2&^#;&B(;:fc£<b#^ laHEWl c 3 so 3k ^^y^S A2^iMr Q ^v^^^S A2"Cii N fftjfi 



(9) 
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15 

1- sia7*5«tt/ia8ic^-r*a ! as:ffv\ nmm das^ 

0iref , fILi=l-4) ^7^SA3^ 
iitfo A 3Tf2, ^fy/SAl Tlfc^i£ A/ 

1-4) SrJffflU ^^r/S A4~oitj> 0 J^^S 

ClOrase c ^Ti:JCitt0 5g$tL5. 

(-7C/2) ~ (02+03) • • 

OTOTtAfli «ILi = l-3) <Offif25° 

ZfSB l^mtSo ^f^SB ITU fHlteWll c ICO 

7^£>*-r y;/S B 1 4<0*3 i 3®^jft«9jSi- o ^f^/SB 
3^J:rj?SB4m lEPEttl c 3<op«tt0 3rer *5J: 20 

o«[sjtetti c 2^s^M0 2ref \z y ztizftMornxftm 

[0041] ^/^SB 5 m leKBttl c 2COg^ 
y"S B 6 C0^3S4rgfe f9 5g"fo ^f^/SB6m mis 
B5|:$3l^ IsH&Nll c .2©|«ttfl2«rf #\ ^(Of 

2m in ^rf^AL* ^ v ;y ~f S B 8 ^jJitPo 

y^S B 8^ |elte«l C 3<Di$H6 03ref .tfV 

*/h£A0 3m J; «9 rt>o % Ie]$k# 1 c 2 £ lUte 

Nil c 3 ktDte*tnat*& % *<Dm^m<i>»in 

B 9 tlt IHteWl c 3co@^jI0 3ref A 0 3 £31 

<o ^^SBS^V^T, [El^M 1 c 3 <D g «Rffi 0 

3ref $K J eCO^/jN^a0 3min . fiJLT ^ * <5*\ fc^lM*. 

Inltett 1 c 2 tdlfeil c 3 t<Dtettfi&4>&* ^<OMl 

0 — ittfo 

[0 0 4 2] ^f^SB 1 0~m, IU$5Wl c 2cDg 

(1, 0«1 C 2(Og^M0 2reF t£ A 0 2^P;t5o * 

T^SB 1 0fcL*3V*-C, mmmi c 2£0|gfi9 2re f 
^(DMcKftmdZmx %k±.\Zt£Z>k, ^f^/SBl 

2- it^o ^ry/SB 1 2Tte, HJiKWl c 30@g 

fit03ref 7>\ ^Oft^ft 03max J; ^h^^ffl, * X S> 

^SB 1 3(Oto31fi:i»0 5g-r. ^rs/^SB 1 3m so 
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[0 0 3 9] 86tvt\ El6(7)^T^7 P SA2^Lfcfe 
~1 c 4COg^ffi0irBf ^^tS^a^ol/Nt, (217 

is^t^ias^-j-PADBISr^flSLrHftM-rs. 

t\ i c i — i c 4 (DMcttSE e i«x , ft/j^ 

S0 in. , *5«tt^, hhbnu c 2 (trisitetti c 3 tcorn 

J:oTfc&j&>£fcft£SixT^3. f*h JbfBtSStfcJt* 

tt&K^-r* (17) ^ffl^ritg-rsr 

• • (17) 

HJtettl c 3(DS^ffi03r e f l:A03^p^^ o ^t 1 ^ 

T'SB 1 2K*3V^ lUSsttl C 3CO@^ffi0 3ref 

^(DWt^ftgldtoax &>±lZ.1£Z>k. ^f ^/SBH^ 
ittfo XTs/^SBUm lilgttl c lOlIf 0 
iref 7&>ib A 0 i £3I#> ^T5'/SB2^I5 0 ^"Trv 

^SB2fC*3l>r, lEiflKttlc l^i^ffi0 1ref 

G9*/Jvftfi 0 i- m S t -^jo^S^r^T-r So 

[0 0 4 3] ft, |El7^J:t) ? lKl8f^LfcA 0i (fiL 
i = l — 3) CDffii5° 1?&5i:L^ v A0iCOffi(i 

[0 0 4 4].H6~Bl8^oT*ajaSrfi l 5*&, 

mmm^mm 1 7 ^gHeNi uue^ - 0 iM x tcjs 

z W^fRjtC^tlj-rS^T?, IS^COfS^COx y 

tt^ttfflffl^K«l 7^J:ia*&S©PB*&*JB^-rs 
l*5J:t/SB2(OMi^f, <im<£>0iK:*j-LT* 

t^sbs-sb 1 4&imtzrtmn-tz> 0 
[0045] »j^<sfflm^sis 1 7 

•ch 6 ^5 j;t^m 9 tc^-r p ADiM L&as e>KWi" 

fflt>T»aS^>'2ife»S:*B»Cjfi<5*tSo B6|C^ 

t*PAD^^^^^Tt?^ns^a<^Kw^ 

f^^SAl$:gt^7^SA2^I^ JgtC^-r^ 
^ S A 2 TBI 9 ^^-T^S— ittf o 
[0 0 4 6] ffl 9 tc^-r&JSli^ ^ry^SCl*5j;V 
SCI ST^^V^^^a^tt^^PB^-fct^fflh 
t^ri:^<«l: x EI7^ s tTJ ? II18C0X^^y*SB 3 — 
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sb i 3\£^Ltz&mkmc*><D-?3bz><D-e s *<D$im 
[0047] m^, cpuii^ mm$m(oftm\c-ts 

ZlthltMC^ WSkXl/Vtti&tiLWyi CO) ~X (2 7) 

mm\z<3\,^xm i i fcctr^isi i 2^-tpad 10 

EJ^#roLT^i-^, D ft, ^#^ffi&«x (t 
p) 14, ^#>-2coj^B U, y, z) *3J:t/a3S 

#>-2 CDfP]# a^bft£$:fficDifea (x, y, z, a) "C 
t ptegll O^^Lfci^flilJi^^X^^ 
>2^^®JLTV^<|Il#^-f 0 o£9, ^gtf^ 
«tttX CO) ~X C2 7) fr-S-JLbtiZk, 
.■3tt, &3£#>-2$fc*S£r, ig^^ffifttx CO) 
75^, X (1) > X (2) • • • X [2 6)'. X [2 
7) 

[0 0 4 8] ^u-— ^^iEteScoBli&SrJB^-rs 20 
t, CPU1 lfigll l^fs/^SD 1— 

s/^sDi-en, aas^^ifeiBflrax ct P ) zmmt 

ftz^RAM13lC»iA^ ^7^SD2^itf B 

[0 0 4 9] ^f^SD2W ffti, j, tpK 
0£r, A j 1 *«X«tftAU ma_f*5 
ctt>'l_ma_f SrOFFcbLfci, ^f^/SD3^. 30 

iitfo : i &£Xf j kh 1 o \^-r^m^^ 

A j # + HO»^|iBl O ^-Ty^COiEO^fp] 
— > A i W©WttyiO*©*|*I^ &m<DM&t 

fitSX Ctp) ^&Sa>SjMM*JjeL-C^< D ma_f 

#flaUfc*BH^S63St5Hrt^Aoru^r fcfc, OF 40 
F^liAoT^^^ofcr^:^f 0 1 _m 

a f 14 2 oSC#| Lfe#fla^Sr*f« 

t, ma_f t mcmm-cfoZo 

[0050] ^r^ysDam #ra^ffli£^-r 

(x, y) <o5fea>xtc:o«:ffcAU ^r^SD 

+ AyXj^ x xfCxom + A x X i £ftAU £«K. 
(x, y) ^#M«!:L, * x y 7" S D 6 ^ittr 0 ^r* 50 



^^2*«^±ia#BH^fc5t#<Z)«-[Hlte«l c 1- 
lc4<OftS (0i, 0 2> 0.3, 0 4 ) £:3fc#>, ^v-y^f 
SD7^1tp e 775/ySD 7-CIL JifeosS ( 1 7 ) 
SrfflV>TlaMB*6l c 2 £(bM&W!1 c 3 £: <Z>ffi*tfca? * «r 

[0 0 5 1] ^r^^SD 8-Cfi, ^T5/ySD6T* 

fta^l-o^T, *ft-?2h<0>fttt4S, P*yH©fti 
(Uot £ ti £ iHlteSSIS ft *c fo 6 * 
5 0 r(D«Bfjfe*^ Tyesj o^ldfl, ^v^^s 
D9^ ilfr D ^T2//SD9m ma_f^OFFt* 

fcS^wjBfts; r^*jwr*£*as tyesj -t-fc 

SSrg-fCli, ^ry^SD 1 0— mtto ^r^SD 1 
O-CJi, !fiffi<OttaS^>'2jfe«KOffi« (x, y, z, 

a) &m»#>9cmsLmx ct P ) ^ut> ^^^^ 

SD11 ^iifr p 

[00 5 2] Xf^/SDlim l_raa_f^O 
N-C*>5^5^S:*UWfi-"-5p :©«»r»*3is TyeSj 

-efeS4&^{d«, ^fy/SD 1 2— iltPo ^fy/s 

D12m x Ctp-1) Id (x-Ax, y, z, 
a) Sr, ma__f IdON^ftAU ^f^SDn^ 
iitf. ^7s/ysDi 1 0¥U»ritAbP r NOj o 
^icite. ^7^sdi 2— fcfcig£t\ ^t-^sd 

1 3— ittPo ^ry^SD 1 3-Ctt, tpCl^fe 
l_ma_f|:ma_f©fi^ ma_fCONWA 

u ucisrsnx.* a j K-i*mcz> a 

^SD9^flM^^ TNOJ CO^l^ ^f^S 
D14^iifr D ^fy/SDUm 1 _ma_f [Z 
ma_f^ ma_fCON«UU j fcl A j'fciO*. 

[0 0 5 3] — *\ ^^2X^SD8CO*IJ»fllS**S l*N 
OJ Xr^SD 1 5>-iitr 0 ^t^^/^S 

D l 5tll ma_f^ONt^6^^Mt^ 0 

Di6— iitfo ^t^^sd 1 Ajtci-i^^ 

jtCAj^^P^:, y tCyon, + A y X j £rftAU 
(x, y, z, a) ^:X Ctp) M'tA tplClS* 

i(-1^0X., X (ClXmin + A X X i & 

ttAU (x, y, z, a)^rXCtp) iCf^AL, t 
p Id 1 £-;tox.£o ^td, 1 _m a_ f CON^, ma 
_f (CON^rftAL, tpCl^Pt^o 

[0 0 5 4] ^r^SDl 5<Z)*IJi^ TN 

Oj ^^ry^SD 1 7— igtfo ^v^y^S 

Dl 7m l_ma_fCma_fHW6 0 

ma^flCOFF^AU j K A j 4r*Px.S 0 ^ 
Jtizli^fc^^y^SD 5-SD 1 7(D^a^:, *^ yZf 

[0055] ^tc, cpun^ mmx^ 2 ft*isri$ia 
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p ) SrJ®#fc:iiifi1-5 «t 5 K p # y h 1 Srtbj&^aa^ 
ov^Hl 3lc^tPADHS:#flaLrRflt5. ^ 
JiE*Q!3acoBH*&S:iS*i-<5 4:. 013<£>;*^ 

i om s e c©t>yy >- ^rp8i^W;^i-5^^*m-S|- 
c 1 — 1 c 4<£>£iff:7^ — hV<s/^ffi*RA 
M13^B*i4^ ^f y^SE 2— igtr„ ^T^r/S 
E2TU ftfetf^jteflSffcttX (t p) £RAM13a> 10 

IS* ±tSi»»»¥3E|j|5S; (5) - (16) SrffllvC, ft 
g^yftiStttx (t P ) £0#leHEtti c l-l c 4 
<0@«£g3rj?|±IU ^x^^SE4-jltr 0 
SE4m y E 1 T?R*ii^fl:|7 - K 

SE5-CI1 * K9W<1 8^aUE»fr«[uik Srtil 
[0 0 5 6] m 4HH1 Bfc*^J:5fc:*#» 20 

^£^Ei-<5MS^o^T0 1 7-H l 9 ^^i" 
PADHSr#JSLTtt9H-* 0 tf-^U— *tfS_fctBteS<o 
BM6*JI*t5t» CPU 1 l li0i 7(D*7-y7S> F 

l^iifro ^r^ysFim, m.7F7*—?*m 1 tc* 

tFDD 1 4^b(S]|gI^^-rRAMl 3Mn — Kb, * 
v-y-^S F 2— 2ttf 0 7f^7 p SF2t|j: v 7f^7 P S 
F 1T*p — Kef ttfclfc^if 5 — $ , ^MZ^-fr—f 30 
CfftU ^fyySF3 — iitfo ftfttSfcfA* HI 2 0 
9 fc, %&7jk7 s —? po->pi^ • • • — > p 11 <h 
■v>5«LitSrtfi<x— ^-efcSifr&lcii, CPUiitt, 

2 Q 3 £ ^-T^— * tC^Jfe-T 5o 

[0 0 5 7] Xfi/ySFSm 1 imi t_f£rO 
N«t U ^T^7 P SF4^iiip 0 imi t__f 

ft, ONt?fc5»^(Ctt±lB«*-*QoQi QzQs^ftS 
iSffl^b^ttiL-C^Sr i:«r, O F F"CfcS»^tcJi 

t«r*i". ^f^ySF4TO, 1 imi t_{^ON 
-CfcSWk fofclMi, ^f^7 P SF5~7f^SF2 

tt, ^T^/SF5-^ry7 P SF2 5©Ml^ii«5I 
"To ^ry^SF5m hcofit^o — 3-CfcSFfl, * 

[0 0 5 8] ^fy/SFem hW3tfo5^ 

m**#mirz> 0 z<Dmwrmm> tyesj a>»g>K 

II, ^f5//SF 7— iifr 0 F 7"Cii, Xo 

tCQh&ttAU XitCQ h+ i &rftA ^f^/^SF9 so 



— iStfo — Xfy/SFe^K^ TNOJ (D 

F8— iitfo ^x^/^SFS-Cfi, Xo^Qs^ttAU 
XiKQo&ttAU *v- y7S F 9^ittr 0 

[0059] ^fj/ysFg-eit 

h^evW, ^f^^SF 1 0 ^iSti\> 

lyU^LV*. ^fj/rSFlOTU 1 i 
m„chk|C0^ftAU ^ry/SF 1 1 ^*Mtfo * 
f^SFlim ^CXoir^CXi tSrtt-SiaiO^lc 

Hirr^tci. /Sxo^e>j«xi*-e#flg^iS:»i(i$^ "-t© 

^^tCO^T^T-y^S F 1 2— ^-r^S F 1 5 CD&L 

(5) - (16) «rffl^-c> mmtf^zftmt&m&iz. 

&>Z>m^<Dutfy h 1 CD^(H]$5*ft 1 c 1 — 1 c 4<D<&& 
frjfrbb, F 1 3— iltr 0 ^f^/SFUt 

tt, ^T>^SF 1 2"C*:fe7t«-|fiIteWl c 1-1 c 4 

TYESj (Dm&fc&. ^fy/S F 1 4— ittf a *x 
y:/S F 1 4-Cte, I im_chk [h] l^l^O^ 
^f j/ySFll^lSo ^fy/SF 1 1 (CjoV^Tx 
m%&tf&Xi!tZm'tZ>k, ^r^SF 1 5— iitfo 

[0 0 6 0] ^fy/SF 1 5TU I i m_c h k 

Ch) tcA 1 &mcizm&* jfcxotMxik&t&j&mo 

AS"CW(9, ^fy/S F 1 6— iitfo ^fyT'SFl 
6T?Ji, S^QoQi QzQ3 0i22i0 9^. 1 i m__ c h 

k [h] (omiMchKZb^m&mtiiirz* ^<Dm, 

^C#V^ 1 i m__c hk [h] Offl^ 1 i Lt, $L<D 3 o 
Ol im_chk [h] <Dffi£IE^t:U ^fy/SF 
17^ittp 0 ^ry/SFl 7m #522 Id 1 

im_chk [h] OICSCX, *fk#itt«rfT9o El 
14 (a) t^-f-J; 0 \C iaQoQi <hi23Q2Q 3 ^3flSft3£ 
ttBa>&tt^ffi1-»£\ o*5; l im_chk [0] 
<ir l in_chk [2] t^^fc l-efc^^^tcti, 
rs/^SFl 8^5tfr 0 F 1 8-Cfci:, 014 

(a) i^t«fc9^MQoQi Q2 Q 3 G>tt'fM<D&& 
Gt LT**«Qo Qi Q2 Qa Sr 9 0° mfc^-fr 

lOOBllSfc, ^fy/SF17(O^Mm^ 
014 (b) td^-T ^ frC x S^QoQiQ 2 Q3CO 

F 1 9^ittP 0 ^f^SF 1 9T*fl, COg^Qo 
Q 1 Q2 Q 3 *fttt«ffl<OrtWJ^JR«>S <i: *i^F pJ^-Cfo 

joV^T, 015 (a) g^Ji^QoQiQz 
V^^iTiQoQ,-^^^^^, O^O, 1 im_chk 
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[0] jPl-CfcStfrd-Ktt. ^fy^SF2 0^i6tf o 
^75'7 P SF2 0 T'ii, El 1 5 ( a ) «t 5 *C ^ 

^Qo QiQzQa^x ttcoA^*f^— A x AT** Wr5»B& 

[0 0 6 2] J£AT\ ^f^SF 1 7 C0#fe^^tf*t-*5^/^ 

^i22#, mQ\Q2X^^>m^ (Ell 
5(b) #J$) , o49 % 'l inLchk 

2 1Tte, fi^^QoQiQ2Q3^:yW)^>jEco*r[B]^A y 10 

*#^i227^ i2Q2Q3-Cfc6^ (Ell 6 (a) # 
Fft) , o^D, I im__chk [2] # 1 "t?fc<5*fr&Ul 
^fs/^SF2 2^i*. Xfy7 f SF2 2tB, 

i22Q3Qb"efcS*^ (Hi 6 (b) % o*. 

•9, 1 im_chk [3] &lT*1b&m&\Z.1± % ^"Ty 
7 p SF2 3^ii^ ^r^7°SF2 3m ftzfrflgQo 
Qi Q2QsS:ytti<Z)Ae7>*lB)^A y ^t^pfT^tbS-fr 20 
5 Q 

[0 0 6 3] ^T7-/S F 1 7 (D&mz&\,^X, 

1 im_chk [0] —1 i m_c 
hk [3] jJS4T0t?fc5*&i:H ^f^SF24 
— iitfo. *"ry?S F 2 4 m .-©ft*»QoQi Q2 
Qsf41fcS6jB"H«>rt«l«ci|R*o"C*3 0, Wif&W)tefto 

a*E^)ffl:«-e«*«QoQiQ2Q3rt<Da3g 
©ftil*r±TW*3ft* , 5riB-C*Si: Lt, limit_f 
^OFFSrftA-TSo ^fj/^SF17|c*3W5ft#»- 30 
HSi:> #^tt^cCO^^^^S F 1 8~S F 2 4|C*3i*5 

F 2 5->iitr„ 
[00 6 4] ^fy7 p SF2 5m ^fy^SF5^ 
SF 2 4<D— ifi(Ofe3S*ffofc^WTlHl*S:><>^ 

1 imi t.f^oFF, iktzte, ±m%ftmm* 

10le](e:ft££, ^t-^^S F 2 6^iMf 0 ^r-^^S 
F4-SF2 5|0^fM^L ^7-^SF5-S 
F 2 5 -CfTofcft:*: 1 0HJCO5ptt#i!j^fcittlHl^ffijtC 
fc^^fcfeTJt^JKQoQi QzQa^ftKJSH^^tt^. 40 
ttiLTV^-5®^tCf±, 1 imi t„f [iONtfcSo * 
fc. ft*?gQo'QiQ2Q3J&SttaSttH<Z>4 , ^lR*9*ofe; 
1 imi t_f|j;OFFi:/^o 
[0 0 6 5] ^7y/SF26TU 1 imi t__f& 
ONtfc5», fi*^QoQi Q2Q3 

60 r<0*U»f^*3l/>-C, 1 imi t_f^ON, 

tCli, ^X^^S F 2 7— ittPo ^7j/ySF27-C 

tt, ^5c»f^«« 4 KKit bftfcffiA&FKItlcH 2 1 so 



±—i?&m?)irZ> 0 y/SF2 6©«(ri:*j 

l^T, 1 imi t_f 3&SOFF"CfcO, fi^Q 

^7^SF 2 8^iitP 0 ^f^yS F 2 

7 P SF2 9^1tf 0 ^7^SF2 9tU *5c*f^K 

e4(cK*tbtLybj«a^asfi^ i> 3 , 

[0 0 6 6] »3S^25fe«l^foiitUiSjxS ■ 

X\ m2 2lZ7frf£l\^ ttft«H3 nc*tur, 
7*—* £r^#l bfc±|Bft*»Qo Q 1 Q2 Q 3 Ote^tfJ LT 

fcoTfc, Ell 8C0^77^SF 1 8joJ;U ? SF2 0~ 
SF2 3{:^ LfclHJteSfcttW^ftaaiifTJ^S^ 

[oo67] *-^u^— ^isjiiBttaoBittfcit^a 

CPUl l©fiIlia2 3^f3/^SGl^i 
*P. ^7^SG 143j;tJ5SG2<Oftiiatt, ±#5Lfc* 

fy^sFifc m j;r;sF2 (Eii7#fl8) ^uyttoa 

3tfc5Pi, ^7^^SG4-SG1 5^*Q.aS:*l9iS 
f. ^7^SG4m ^^QoQiQ 2 Q3CDH^Q 

«>S»J-d3»t5#lHHteWil cl-lc 4roM0 1 — 04 
1 imi t_f KOFFSrftAU y7*S 

G5-» D r<™^ jiEajanb^seifcs; (5) - (1 

6) Mv^t fa A A e 1 - fl 4 6Z t #-e* 4v« 

-frfctt* El 2 2{C7fft£ 0 \£ y ft#fl£QoQiQ2Q3<Z>52 
Q3Qo < i:^$5IS^jic^cD^^Q , o U iflQi Q2 
^ ^t5H^S <!: OX^CQ 1 1 t U :^Q' h (h = 

0, 1) kmmi?*2^itHmiis*izki*tov*#y t 
1 (Dmmz&rtz&mmm ici-ic4 (o^m e i ~ 

04^*a6^ o r<D^. ^^QoQi Q2Q3 <DTM&<D 
tte^fflIELfc(DT\ I imi t„f 5:ONt6o , 
[0 0 6 8] ^f^ySGSm i COffi^ 1— 4 "Cfc 
SIB, ^f^^SG 6 — SG 9 t7>&a«rtt Dig-To 
^^SG6-Cfi, ^X^^SG4"C*:i67t 0i^^coa 

tyesj <Dm&\zn* ^7j/ysG7^itf 0 ^ 

7^SG7TU 1 imi t f CON^rttAl, 0 

ii^0i«x SrftAL, ^75/^SGl 0— aitr. — 
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£Wfrrs 0 r^j^*^ tyesj (om^n, * 

T^SG 9^iitf 0 ^f^/SGSm Mini t 

_ncoN2rttAU eijcei-iii SrftAU xTy? 

S G 1 0 ^ittfo 

[0 0 6 9] 0^4, 1 imi t_f & 

ON-cfc3a>sa>*wwrra. r©«»8*^ tye 

Aq-|Q' h— Qh | 

[0 0 7 0] ^fy/SGnm Aqtf*B?J&&ffiE 

fH£«4«:JBVv*\ *>&^i:«)»J1ttaS«3rt<7>RAMl 
3^R^LT*>6«Tife5. **H«-Ctt, £ =50c 
mk-tZo ^f^ySG 1 3 ©¥UBJrj|gSriS TYESj "C 
*>S»^iCI4, ^r^^SG 1 4^iftf fl ^ry/SG 
14-Clt Qh^Qh' WAL, ^fyySG3^I 
£o — *\ ^fy^SG 1 3<D#m&&& TNOJ CO® 
#f£f4. ^r^^SG 1 5^iifr 0 ^fi/ySG 1 5-C 
f4, Sfc^ft^T*-* Lfc4§£\ Xlr*WKAflt*< 20 

So y ys G 3 KjoP-t h 3 ^rix.^ «h , — 

[0 0 7 1 ] fttc, B2 5(C^«t5«-, P-^a**- 
*t-6HSLh«MHiU »3S«lffi^rt<MKAoT< 

m«g^«toT^i!ii-si7— ^ic*H-^ik*^ ^co^tft 30 

;*fttKov^CB2 6— H2 8 |u^tPADHSr*iLt 

CPUl ittH2 6<J0^-r ^^SHl^igtfo 

7=— >OKZ>it$&£rFDD 1 4 RAMI 3^R^ttl 
U ^X!y^SH2^iitf 0 ^T^ySH2-SH16 

1 7^iltp 0 40 
[0 0 7 2] ^ry/SHlTtlt «-ifl^*H6-*-S 1 
im_chk [h] (Dim^f&CX, *fti»ttS:fir5o ID 

2 5 ^Al^fi; 5 ^r^QoQi Q2Q 3 C0^T(O32 

o£D, 1 i m__ 

chk [h] #±ri-Cfc5»^lCl±, 7T^7°SH1 
fc, ^T^SH 1 7<O^W=#il£tc::*o^T > 0 2 5 COB 

£\ o3:«9, 1 im__chk [3] so 



Gil -m. n *K 5/ h l (D&mfc$fo lcl-lc4 
Kj&S-tJvPtL;*^ 7/SG6-SG9 {CTfSiE Lfc^S 

0i-04r*fcss^o^S^>2^ffloffi:g^*^, * 

coffig^rQ* h£U *x y^S G 1 l ^i§fr a 
ySG12m ft^QoQiQzQsCDH^Qh^ * 

rs/^SGi l ^fcfcfca^tf^^ttKQ' h <tcogg 
lAq^l^t* (18) Srfl^T#«>, ^-r^^S 

G 1 3 — mt?o 

(18) 

t4, ^7^sh i 9— it^ y/^ttmy 

#*r#^i22ri^Qi Q2-Cfc5*fr8\ 0^19, 1 im_c 
hk [1] 1 -efcS*&fdtt, Xfiy^S H2 

[0 0 7 3] BI2 5C0D^i-J: Szfr^Q 

0Q1 Q2Q30^:TC0ia^^g5IS^^AoTt^S^, 
o£9, 1 im_chk Ch) ^itOtfc^g^l: 

1 imi t_f t-OFF^rftA-r^o ^r^^S 
H17WS*M«t #^fe5feco^^^^SHl 
8-SH2 1 IZ&rtZ&m&ffeT-tZk, 
2 2^iMr 0 77^SH2 2t?l±, X7^SH5- 

s f 2 2 (D^m^n^tzurfmm^^^^ y^y>u 

^7s/7 p SH4^I5 0 ^yT'SH^Cfc^T, 1 i 
mi t_f^OFF, £fc{4, X7^^SH5-SH2 

^7^7 P SH2 3^?ltp 0 
[0 0 7 4] ^7 1 5'7 P SH2 3m 1 imi t_f# 

ON^*>Sd>5^S:*U»ri-So - ©WBfrlS*^ Tye 

SJ cO^[Cf4, ^"r 5/7 p SH2 4— 5Stf. 

H2 4TU M2 l M&TF-TX 5 ft^ ^-fe — ^Sr> 

H 2 3 <©*JWfft*3&S TNOJ CD^-^l^fi, ^fy^SH 
2 5^5StP. ^7^ySH2 5m ^ 
7^SH1 8-SH2 0T*lklto1Z*'— >"r*- 7j\s<Dm 
i|to^S{-S<^T^feU ^7s//SH 2 6— ii^ D J* 
7i/^SH2 6T1i, ^t- ^f^^SH 
1 8 - S H 2 0 ^tofc@^S^Mt5o ^^^^ 
SH24ifcllSH2 6 CO^S^i^T b/c^, — ^J^M 

s^r^Ti-^o 12)2 5^-r£ e>(-, y—tfrf—i'v' 

-^l(;|ot*J^ Bff^«oiHlteifi^CS:*^ti- 

*ram±«r»»-r5»&^ ±eh 2 e — a 2 s tc^-r 

[0 0 7 5] ftli, ^3g^>-2 5fe«iS:, KSKiAoft 
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ffi«jS*»6>gf3t^>*lft^lm/s-e c OjgST^Sj^it [0 0 7 6] ^ U— ^ # JilE^S^&l*&£m^r<5 

€-[Hltetti c i — i c 4 <nm*:ft&Bt$:&W) . 0 2 9^>^x^^s i l^ittp. a^-y^S I it? 

Wrc^laMEtt l c i-i c 4<Dftmm-?®\otLftT&&l£ ^*s*5BMWJK«4«rfflv^Tttit©iB|E'< 

^^[iJteWi c l-i c 4i:o^t#«), **tbo.5t> * h^vvSrA^-TSi:, ^©I^rami 3^K^ii 

*a3ffi^ov^H2 9l^i-PADH*#flBUTIftWi" ^ h;i/wW*#S**«>, *0>tt«:^»v e 1 (eft 

So ft, m*^LfcHlfi0iJ-ett, z$fc£fo^6£;£ AU ^x^^S I 3~.il£r 0 ^-r^^S I 3-Cfi, i£ 

MUr#fc3JS, 0 2 9{C^t^l-Cli N zflfcfrfS] COffifc lmtfe^J^^ e v (1 9) 

ev = vv/vel (19) 

[0 0 7 7] ^r-^SU-Sigm Si^ll . 0) - (2 2) iCftA UT±lB^itS^ffl^*W-r 6 

&0-IIC, j CQffi£0-m^ SSkk^ffiSrO— (x, y, z) ^^SHl 

nl^b^T^*, -ttt^ttOttSrft^rS: (2 0^ifitf o 

X = Xmin 4- A x X i (20) 

y = y«in + AyXj (21) 

z = zoinH-AzXk • • (22) 

^x^^S I 1 0TU ±*Lfcffl«»¥«*5£ (5) 1 c 4<D£itS(d/dt) 0 iSrjfcKjjrTSEt (2 3) Sr/flv* 

— (1 6) 4rfflv*T\ KU^^2ite«B^±|B#flajft 20 -C#«>, ^fs//SHl 3-.iitp 0 ft, ±iELyi:J;p{C 

(x, y, z) |C*S»-g"^#|flHEi|ttl c 1 — 1 c 4C0 (d/dx) fit x tcoi^T 1 {HHl&#-r£ r. t (d/dx) 2 ttx 

i~0 4«ri|fflU ^rs/^SHl l-.ittPo *x (doV>r 2I«I|SS[^*t--5r t^-To (d/dt) 0 u = 

s^s 11 i-eii, ^.y^s 1 1 o-c#a&fcft£0i [(d/dt) 0i, (d/dt) 02, (d/dt) 03, (d/dt) 00 T *c 

^04*fflV'i-CiS!ir=trtf?iJ.J.y-- 1 Sr**, ^f^SH - (d/dt) 0 1 ttlaMsM 1 c 1 CD^i£S£r, (d/dt) 0 2 

1 2-iitf„ rr-Ct3ffi?'Jjyll -blBiSfflj^ife ttHMENll c 2C0^3fi*S:, (d/dt) 0 3 ttEMBM 1 c 3 

*(D ~ (4) ^e I -04-efiMLt4x4^iJ cDft&gt*^ (d/dt) 04ii[HiltoWi c 4<D&mm* J £th 

[0078] ^f^sii2tu ««ici- nmx*foz>o 

(d/dt) 0 u == J y 1 • e v ••••••• (23) 

[0 0 7 9] ^T^S I 1 3-Cli, #|§HE«|1 c 1- 30 t) 0i (d/dt) 0i«c £<0J*Ri*&fcJj*-f- 

10 41:01^ ^T^^S I 1 2T*#£>fc£iiaS(d/d 5£(2 4) £rJS^T#£>, ^7"^ySH2 4 ~-iilir 0 

Rl = (d/dt) 0imax / (d/dt) 01 (fiL, i = l-4) (24) 

TsTyZfS I 1 4T11 Ri— R4<7>5 ^Ogvjvfg:^ ± 03 0<Z);*x y^S J l^ittr 0 ^ry/SJlt 

15Jffi«j£ (x, y, z) ^JtfiifiSffi^flCt LT. B tt. i-in, i_l im«|:iilt j_l i 

^JV [i, j, k] KtMfrrSo EUllfi^fc^S^S maax ICttmS:, I, j, i «x , j „ax , i_l i 

I10-SI14WteIS:, 7f^SI4-SI9tf ' main, j 1 i m 0 in , f i 1 e„n umlillO SrftA 

-t^ffi««[^*;a6&*tS^r(Z3r#flB^ (x, y , z) tc: U *7y7S J 2^ifltf 0 i*5j;tKjtt:, 0 

[0 0 8 0] Sgg-<* h/l-vvC07C#$v e 1 «fc (#HBjK) Sr»«"r6^:«)^a5Sk"CfcS„ 47h, 

^^^v^jifaiis^ffi^^-rM^o^^iss^ 40 i ffl in, j fflin . i «« ±.ia#flH^o*^fc 

2ft«*»»s-ti-6a-&jc % «y»asuit'3 55saafi^>'2 5fe 035 \^-t a, n = (o, 0) , (1,0), 

«S:IB»afflS-&tV\<I8l*t c pSr*a65ftllco (0, m) , (1, m) <D4&$:TMj&b-fZ>ttJ&<Dft 

VvCH3 0-03 4«^-TPADia*#flgL-CKWi- i _ i i m.m , i _ 1 i m«* , ]_ 

So ftx 0 2 9|i:^Lfcteim z^f^Offit, Pj^ 1 i main , j_l imtnaxfi, ±|B#ffiA (i, j) & 

-H3 4l^t»itlt 03 5|C/Tf J;^Cz^» -C&S. f i 1 e_numl±telO*tfti45ft 

[0 0 8 21 ^7^SJ2m l_status, 

[0 0 8 1] Th^U— ^dSilBtea^BBi&SrJt^i^S so status £rNO£ L> c o u n t e r t-0£r % A 
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i, A j d i rl:x^ftAU ^r^SJ 

KitS^Sv e 1 J:9**^rtSr, N04f>tfR8 
KXBE&X&v e 1 «fc O/hSv^r t£^-To l_s t a 
t u s (i, 2oStr^toaL3t#ffivStc:*3«t5a3S^V2 
5fe«^i*5iffi^ov >T status^ £f*9^£^ 

f. *fc, di r 2 ftmimmmmtoftmc 

fSoT^tb-fS^^ffil^lRl^L, d i rCDfil^x 
604i^fCti^^> 2 ftCte x i^A^i LT^SC 10 

^Ut^5 0 3:7c, A i^sJztfA j f±^»i 4oJ:U? j ct> 
if counter 2 3fe«^ffi«^ t 

[0 0 8 3] ^"ry^S ] v ( i , j, co) ^ 

i$S-<^ h;i/vvO^# £ v e 1 J; ^y 
/S J 4-S J 1 2<D®m%m*)T&t 0 *"ry7S J 4 
•e»i, iCA i SrflP;!, *7-y7S J 5^iitf 0 ^7="^ 

WW-rSo rvESj co^Mte, 20 

^SJ6^ titfo ^T7^SJ6m AiK-l£ 
^-r^^S J 7^ittr e y J 7T*H, i 
i_ 1 i moax ^AU XTyZfS J 8 — ittr 0 ^ 
f^/SJ8m j fCA j &AD;t, X^ry^S J 9~* 
iitf. — *\ ^T5//SJ 5 (0*IJ»f3|$*^ tnoj -e*> 

[0 0 8 4] ^r^/Sjgm im«m 
J:0/h4v^>S*»«r«»hr-«. rwW»tt*rt« Tye 
Sj ©ifr&teii, ^t^/SJ lo^ittfo x^y^S 
J 10m A i JC- 1 ^y^/S J 1 1 — it 30 

tfo ^ry^S J 1 im i \c i__ 1 i m n m SrftA 
U ^T^SJ 1 2^iItP 0 ^fy/SJ 1 2tlt 
j [-A j ^Px., **ry~7S J 3^I§ 0 — .x^s/ 

/sj 9(n¥m%$m> tnoj -efe-5#-fr^tt, 

t^ry7°S J 3^M5o ^Ty/S J 3I^V^, v 
[i, J. (u) ^IgK^ h;Uw^#^ve 1J^± 

*"r y7S J 1 3— ilti» 0 
[0 0 8 5] ^fy7 P SJ13m xdxmm+Ax 
Xii y(:y«in + AyX j SrttAU ^jyr/S J 
1 A^mtSo ^"ryys J 1 4-m, ^^y/S J 1 3 40 
-OJft&fcx, y T*jf3££;*xS,& (x, y) 4r#^Si£ L 
Ttcp [counter] ^ftAl> counter 
(Cl ^r^P^L, status (CYES£rftAU ^yZf 
S J 1 5— ittP. ^T5//S J 1 tcp [co 

unter] rt* t c p [0] £ 3£ L < ftl^HL Ts'ry'f 
SJ16-SJ50 O&afrtt «9 ^"To 121 3 2 K^-Tx 
T^SJl v (i, j , co) ^iiffi-^^ 

TYESJ Oti^fctt, 7fs/ySJ17^ 
iitfc ^T^ysj 1 7~m, d i r3dSx-CfcS3&»S^ so 
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3 3|C*-j-*^:y/S J 1 8^ittp 0 
[0 0 8 6] ^ry/SJ 1 8T?te y v ( i , j — A 

frm*&mm-$-z> 0 rvESj 041^ 

te, *Ty?S J 1 ^T-^/^S J 1 9Ttt, 

d i r Ky SrftAU A j iz- 1 121 3 2 {CtjvT 

^ry^S J 3 2M— i§£p 0 — jj s *"ry?S J 1 8<D 
W»fe*^ TNOJ CD*§<g*tCtt, ^T^/S J 2 0-^ii 
tfo ^fy/S J 2 xlCx ai n+AxXi^ 
y tCymin + A y X j £rftA ^ tcp Ccounte 
r)-fcjfe (x, y, co) Srft^t U-CftAi"5o 
'ik, c o n t e r {^1 ^r, i [Z A i ^r^JPx., ^^^^"S 
J 2 1 ^ittPo 

[00 8 7] ^f5//SJ2im i*Si_lim 

ESJ (D^S^n, ^ry^S J 2 2^Itf 0 ^"ryy" 
SJ22XU i i_l i m D m «UL, jMAj 
SrAnx., Aiic-i^r^, ^/^S J 2 3 -^ifr 0 
^"ry-ys J 2 HZ5?pJ»f«*35S TNOj (D^\C 
^CO^^^^^ys J 2 3— iitPo ^^S J 2 
3 m i i i i moax J:0*#v^§^Sr*ll»-r 

J 2 4— iitPo ^v- yrfS J 2 4"Cli, i d i _ 1 i m 
•nax ^rftAL, j A j 2r#P;L, A i (d— l ^?5Mt> El 
3 2C^f J 3 2— iStfo 

[0 0 8 8] — 03 ^/^S J 1 7<Dn 

J 2 5— ittp. XTyT'S J 2 v (i-Ai, 

j, co) ri^^;^ h;l/w^ £ v e 1 J; 
^S^«^fi-^o ^<Z>«Wf»*3i« TYESJ CO^(C 
tt; J 2 6^igtp 0 ^fy/S J 2 6-C(l, 

d i rCx^At, A i td- 1 ^Er^^t, 1213 2t-7F-r 
^t'^/S J 3 2{cmts a — ^7"y/S J 2 5<0¥U 
WrttSdS TNOj (D^tCi^ ^f^SJ2 7— ii 
tP 0 y^S J 2 7-Cd, x {Cx D m + AxX i Sr, 
y (Cy B u» + A y X j 2rftAL, tcp [counte 
r] ( x> y, o>) Srlt^t LtttAt5 B 

conter{Cl^r, j CA j ^Dx., ^X^/S 
J 2 8 -iltPo 

[0 0 8 9] ^TyZfS J 2 8^1^ j ^ j_l i m 

ESJ cO^iCli, ^r^/S J 2 9— it ^y-y^ 
S J 2 9 "Cti, j \Z j _1 i mam £:ttAU i A i 
Sr*P^, A j{£-l£tf>tf\ ^^y/S J 3 0— iitp 0 

^7 5//SJ2 8^1gS^ TNOJ -VlbZm 
&\a-±. ^<D2il£XTy7S J 3 0— igfr 0 

[0 0 9 0] ^T^^/S J 3 0-m, j 50^ j i i m 

.nax J:t>*#i>^5^**UWfi-So ro«WH»*3ft« Ty 
ESJ (Om^lZ-ft. ^7y/S J 3 l^igtf. ^T 1 ^/ 
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S J 3 1 -Ctt, j (C j 1 i mmax SrftA U i la i 
&*0;i* A j tc- 1 $rri>tf\ SI 3 2 y ?S J 

3 2^ittf 0 ^f^SJ3 O^WSfte*^ TN 

Oj -CfcSifrSiCtt, -^CO^^^S J 3 
tf 0 ^T^yS J 3 2 "CI*. l_s t a t u stC^l^CO 
status Ofii^r, status tC NO 3: ft A L> El 
3 OtOr^^^^S J 1 5— MSo 
[0 0 9 1] — EI 3 2lC^-f Xx^^S J 1 6 COW 
TNOJ com^li, ^T^/S J 3 3— it 
tf a ^f^/SJSam s t a t u s #YE ST'ifc 10 

*a«a»*rJWir*-*. rco«#r*S*j*s Tyesj <z>4&£- 

{Cft, ^-r ^/^S J 3 4— itti^o ^fy7 P SJ34t 

tt; d i r^xt^s^Hfllt6 fl rco*UWr«gS: 

# TYESJ CQS-g^Cte, JV^yi/S J 3 5— iHt*. * 
f^SJ3 5m d i rlCy^ftAL, i^bA i 
Sr9l#, j tC A j S:»Dx.So £ fete, l_status 
tC*l,£co status COfg^r, status fCNO£rft 
AL, 3 4 (C^^^^ -z^S J 3 7 ^iStfo 

[0 0 9 2] — *\ HI 3 2[C^-r^^^^°S J 3 4 COfiJ 
Wr*S*# Tnoj coii^tcte, ^r^^S J3 6^i 20 

tfo *^<y^S J 3 6-C*i, d i rfCx^ftAU 
feAj£3l£> i|lAi»^5o £feiC % l_s ta 
t u s tCH^ECO stat u s COfit^r, status {CN 
O^rttAU El 3 4|c^-T^^-/^S J 3 7 ^ittf „ * 
rs/^S J 3 7X^2, statu s^NOT^^W 

**uwfi-«o rcofijw^*^ tyesj <Dm-&\zn s X 

"ry-fS J 3 8— igfr 0 *Tyy*S J 3 1 __s 

t a t u s^NO-efe^^5^Srfij»fi--5o r©2W«» 

TYESJ 0»«fr|Cf±, '^fs//S J 3 9~*Mfo 
.^T^yS J 3 9TU d i r^yC&S^S^*)M 30 
-T^o wCO«»fJfem^ TYESj (D^tCf*, ^yZf 
S J 4 0^ittf o ^T^y^S J 4 j fCA j SrJp 

t 13 0l,C7F~f*Tyy'S J 1 5— M£o — *u ^ 
yT'S J 3 9<Dnffi1&%zfc TNOj CD^tCfci, ^^5/ 
^8 14 1^ ^f5/ysj4im itcAi£r 
*DX., El 3 Ote^i-^^-z^S J 1 5^MS 0 

[0 0 9 3] — ^7^SJ3 8<0¥UNrttA*S TN 
Oj CD4§^tcfi % XTy^S J 4 2— itfr 0 
J4 2TU d i r dSx"X?feS^^4r*iJWfi-So :w 
*UWftt*^ rYESj>fc5^lClt ^f5/^SJ 4 40 
3— iitf 0 ^r^/^S J4 3TU v [i, j-Aj, 
co) tfSjfiK^ h/Vv v CO:*:#£ v e 1 «£ 
36^*UWrTSo TYESj (Dm&\a*. 

*"ry^S J 4 4— iftfro ^T5//S J4 4TU tc 
p [counter) tC(i f j — A j , a>) ^ifc^^ 
<b LTftAU El 3 0(0^x^/5 J 1 5^I6 D 
— *\ xTy^S J 4 3 CO^JBff«g^ s rNOj co^tc 
11, ^"T ry^S J 4 5^igfr fl 7fs/ys J4 5TI1 
d i r tCy&ftAU A j IC- 1 *r#fl\ i tcA i £An 
X., ^Ts/^S J 4 6^titfo J 4 so 
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l_s t a tusC status OflS^rftA L, s t a 
t u siCNOSrftAU El 3 0 \C7jk-$- y -fs J 1 5 

[0 0 9 4] Xr 5 /7 P SJ4 2COWr^^ s 1~N 

OJ C04&£*fCfi, ^ir^S J 4 7^ittfo 
J4 7T*fi, v (i-Ai, j, co) fcm&^f h^v 
v(7)*#^ v e 1 ct^^V^g^ifljiftSo £05*11 
»f«*36* TYESJ 0>»<g>fC|i, ^f^/T'S J48^I 
fro ^75/^3 148 Xtl, tcp [counter) 
t (i-Ai, j , co) LtftAl, El 3 0 

(C^-T^x^^S J 1 5-.I5 0 — *\ ^.x y^S J 4 
7 0O^M^*^ Tnoj co^^cf*, *^y7s J 4 9 
— ittfo ^^3/>^S J 4 9-m, di rlCx^fUU 
A i tc— 1 j tCA j SrJnx., ^^y^S J 5 0 

^iitr 0 ^-^^^S J 5 0"CtL l_s t a t u s tC s 
t a t u s CDfi^r{-tAL, status (CNO^ftA 
E13 OtC^-T^^^^S J 1 5^I§ 0 

[0 0 9 5] _h|B*-r y^S J14-SJ5 0 co^S^r 
tcp [counter) # s tcp [0] <lr#L< 
^"Cj^OiSL, ^yZfS J 1 5tC*5t>X, tcp [c 
ounter) ^tcp [ 0 ) £ 3£ L < ft 5 £ , y 
/SJ5 l^iifr 0 7r^7°S J 5 lT?|i, ^t^T'S 

^r^zn-z^i-^^-C^^^^S J 16-SJ5 OCD&iS 

^Ttf9o Jr^WtCH, i „ 1 i mmiii tC i mm ^ N i_i 

i mmax tC 1 j 1 i mmin tC j Din £\ j 1 im 

max tCm&rftAU ^U*^^ ^/^"S J 15-SJ50CO 

J 5 1 "C % i 1 i mnin (C 0 ^r, i 1 i mmax tC i 

ma* £\ j 1 1 mmin fC 0 , j 1 i mmax tC j max 

ttAl> Wlt^T y^S J 15-SJ5 CKDfam&ft 

[0 0 9 6] EI 3 0—E13 4 COP ADEltC^ bfcMS^ 
^l^i:, ^^V2ti^^P±WUft^feigS^M 

^<?o^tc»oT^»i-5cor% El 3 6 tc^-r J: 5 tcjp 

5CO_h{C!7 — ^ 6 ^ev>rffl^«9 ^T?T 0 ^^tCii, ^ 

offl5tctS^tt5tiifl[^®«rtlC!7-^ 6SrKB-T5 

[0097] &tc, cpun^ 7&mm*)mi&<nftn 

tcjo^TEl 3 7 tc^-T J; 5 *ttil-C, 2 SMS* 

^tbS-frSftLatCO^Tia 3 8 tC^-TP ADE1^#« L 

cpui mei3 8tc^-r^^^^sKitcittf 0 

^f^ySKim i tc 1 Sr, JtcoSr, A i tC- 1 
Sr, Ajtc+l^rftAU, ^7^^SK2 ^Mtf Q *T 

-SK12^ISrttDigto ^r^/SKam v 
[ i , j . co) ri*jg^<^ h/UwCO^:^ $ v e 1 Jc «9 

xzw^fr&mwT-fZo z.<Dnmmm* tyesj co 
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te, x (C xom + A x X i yCyom+AyX j 

m#^29tta*& (x, y , oi).^»s*. ^^5/^ 

SK6— ittfo *X;v:/SK6-Cte x 2 *><bjft 

[0 0 9 8] — ^7 5/7 P SK3^jiig^ TN 

S 3 tt±IB»«r*«ri» bSf^7s/^SK8 "stttf . 
7fs/^SK8-Cli, j KA j SriPx., ^fs'7 P SK9 

^flitSo ro«lWS*as tyesj co4i-g*(c:« % ^ 

f^ySK10^iitf o ^r^ySKlom j i-m 
Kl — y If SK 9 <D$\mife%:& fN 

[0 0 9 9] ^TyySKlKU j ^0 cfc "9>J^^»/^ 

tyesj <z>$§^«c 20 

te, *X ^SK 1 2^iitf. ^f^SKUm 
. jfC0£\ AjK+lSrftAU i f£ A i y 
ySK2^I5 0 -Ztf, 1 

TNOJ <Dm^\t. t^*^7^SK2^ c 
77^SK 2m^ i #0 J; D**V^3ft»?p36»*« 

[0 10 0] 0 3 8 (DP ADmZTFlslttim&fTO 

■K<OjS*Tfi,Sr«J»9*^.TfcAv\ M 3 8 

7^i-J;9*©L^^«S^*^b^l6i-5<^T% sh^u- 

[0 10 1] a3S^^2 5fei»S:a»«fflrt©#Jffi 40 

l^T, «-[B]«sttl 1 c 1 — 1 c 4 O^ilS^r^lHlteW 1 c 
1 - 1 c 4 ^**ftigft-eWofctt«:_b|B«-Jffi«,!a^o 

w= f (0) • • - "■• • 

iri-So »»^^2jfe»co3«*tt, 

dw af (0) dfl ^ 

dt" 3 0 d t " 



#W8- 1 9 4 5 1 2 

32 

* <D&m *m fc 5 1 # ffl* Stefi-* !7 J; 3 fc*fc 

*£^&^5*fl;3SU:oi^TI2l4 0*5J;tflgl4 1 fc 

^BB^SrJS^i-S^, CPU1 lfffl4 0<D^fy/S 
Li-^iltro ^s/^SLim *<Dik^j* 

Lfca^x— *£RAM1 3{CP— Ki-5„ Sfc, CP 
UllH vtfy h inmft&mttt 
^RAMl 3{CP-Kt5o r^b^l^, 

[0 10 2] ^7^SL 2 "CI*, ±1E^7^-*(£J; 

^&b&m&WM&#ib. J t<^ffj»*lRlSra3S^^2ife 
«<&ttft*|Sl£1-ao ^7^7 P SL4m 3cfC|E|2 0 

t7-^^jfel, Kfi*»QoQiQ2Q3^»«jt»K>X 

[0 10 3] X7j//SL5m SEftxSrxmin ~x 

max (DmBiz&\,^xmj£mffib ^<omm-vmt^^t^ 

tt**x«!iJ:orx*li±oaE*«|[Sr}fiS*tb5y z 
^®f£*tLT, ^75/^SL6~Sb7^I^9 0 
rCT'xnii, , xmax tt, p^5/ h 1 CDtt^lCctoTft:^: 
SixSilBWSttHfcasv^T, ft36^^2jfe«8<Ox***' 

y-in , y»ax *5 «fc Z nln , Z max t> * *t-?niRlt8 K ±1H 

^«Sffl!-fcNt6ft^V2ft«^ytt^^J:tJ«ztt 
[0 104] X75/7°SL6m ft3^^/>-23fe*^y 

yx_v [i) 0m*9Jz*^W&\zi&. R«S*yx„ 
v [i) offi*±Eii£««ffi»l;iK«u :*©x 
«yx [i] {c1#^L, ^fy/SL7^Stp 0 
[0 10 5] ^7 3/^SL7-Cff5M«)Sl«{:85i 

r<Z>flr«wtt±|Bil»*K»* (1) - 
(4) (dJ:oT#.[HliKWl c 1 — 1 c 4<Dft&<DM9kt 

(24) 

[£fc2] 

(25) 



(18) 
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[0 10 6] 5t (2 5) <9 . #tt<DfciSft(d/dt) 0 

(d/dt) 0 = J - 1 ■ (d/dt) w • • • • 
tm-tZttf-CZ, r £)5£<£> (d/dt) w KWltf £ ixfcftSi 

mm&ttA-pzt, (d/dt) e 3»s#&n«. ro(d/dt) e 

T10 0%«±o«ttoaa8rSr3EJft y x_v C i ) 

[0107] xr^^sL7m feas^^2 5fe«a^ z 
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:zx_v (i) cofit&iilE^S 



:3E#rU ^©^xOfSrzx (i) td* 

[0 10 8] Xf7^SL8m ^»z^z B in ~~z 
max <&ffifflfc;fc^T9f£IS(iA z<75PJRS-eiE^$^:7S^ 

¥II^IT, X'ryT'S L 9-SL 1 OtDtoSSrfT 

^W-»*j»-t?JilBa*«*ffi«4r*«)S. tit, #46 
fcjfiS««ffi8WsSJ8fcx z_v [ i] <Dm£*)±£\<^ 
&\a* y KSESftx z_v [i] ^«*r±iaiS«ffi«®a 
t-JESrU I*(0 2(Z)Kxz Ci) KtMfiU 
yy^S L l 0^ilir o 

[0 10 9] ^f5/7'SL10m feSfctf^jfeJUMS 

u-c, #«>fcit£««ffi«as&»:y z_ v m (Dflfj; 

K«fty z_v [i] coffi^riilBia 

ftMBSSH^KIfrU CC0B#C0 z (Dffifcy z [i] ^fe 
^Lv ^T77 B SL8^M6o ^"r yZfS L 8 Kl:fc5V> 
^fez^zmax «t < ^fy/SLl 

1 ^iStfo 

[0 110] ^r7/SLl ITU aS*.y«ry.i„ - 

y max. ««iH^*3^-cBff£E(if a y (Dmm^mt^^ 

fcb, ttaE*y^«toTytt-b<oa*fl[SrJfiSStL*z 40 
x¥ffiC*tLT % ^r^/SLU-SLl 3tf>#m2r 

**fc5S«fig*ffi«}&s^JScxy_v Ci] <OffiJ;9*£ 

x y _v c i ] <Di$$:±mmmmi$, 

u 



ffif&KKBrU dco^coy coffin x y [i] i: 
L 1 3^aitp 0 
[0111] 7f^SL 1 3TU &»#i<2jte«StfS 
ztt^»o^i^|S]^.»»i-5#'&^*5VxT, Xryy^S so 



(26) 

lt, &&tz&mmffimm&&mz y_v co o<ij: 

0**^»*te:tt:, tt*fczy_v Ci] 0«t±B* 
K®$®St£H#rU r^yCDMzy Ci) 

IftU ^^>>^S L 1 1 ^m& 0 **ry-fS Lll 
l^T, ^*y^y-ax «fc ftZt* ^7S//SL 

1 4 — ittfo 

[0112] ^T^SLl 4"eit 7f^/SL 5~ 
S L 1 3T**e>tbtjSS««ffi«y x_v Ci) . z 
x__v Ci), xz_v Ci), yz_v Ci), zy 
— v Ci) , xy_v (i) ©5W^ft*«taR" 
U ^b(C|R)i:< ^r y/SL 5— S L 1 3X'&tbbtl 
tz y x C i ) , z x C i ) , x z C i ) , y z C i ) , 
zy Ci) . xy (i) (O b *>^b±lB*^ffl[^*|C*: 

So ±IBiB«««»ft«[-e*B3fe**lSxy3F 
j®, y z^p®, z x SP®<Q 5 t?COl/><5tb7)>CD^® (J^ 

SL5-SL1 3T*«>feiXfc5**««iOrt-CBa^* 
[0113] Xf^ySLlsm ^r^^SLH 

x c 2r±iStf>5£ (2 6 ) J; *) #46, ;y 7"S L 1 7 ^ 
mtf 0 ^TyZfS L 1 S^QoQi QzQj^ 

fl$*fc!7-^^Ml^x c t*<5 J: 5 1^ 
QoQiQ 2 Q3£)^-^£r^feU ^r^^SLl 8^1 
tf. 

[0114] ^fy7°sLi8m fDmmxis 

S L 1 4T?ai«SnfcJiEf^Dt3Pffi±|C*5-^T, -LIES 

^0001020300^^^15^7^^ b^—*m.W:%k<D 

PUl 1 *i_hi2WT^SjSS:#46, ^7^SL20^ 
itfcfo ^7i/7 P SL2 0m 1214 3iC^-r^tC^oT 

— * t LTIBSL, ^-ry^S L 2 1— igtf 0 ^^ryy* 
SL 2 «f L<#46^x-^{cS<5^-rn7K^ h 

[0 115] otKs/ h l^#[HlfiH^l c 1-1 c 



(19) 



»H¥8-1 9 4 5 12 
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5 1 # a* * — * «t o \z.m^- 

^-T6^St-o^-cEi4 4 3oJ;uqg)4 5|:^f PAD 

[ 0 1 1 6 ] E] 4 4 tectum 4 5 (^i-^LM<D o ib, * 
T5/7'SM1'-SM2 0^MH IEJ4 0— PH4 1 
Lfc^x yz/S L1-SL2 0 <D%mbW\\lh<nX&>Z> 

7P?-*(nmtm, 04 6 (a) t^i-«fc 5 \C S WMk 
•z'^^^u-r tc«^i-<5» ^7t, EI4 6 (b) t^-TJ: 

[0 117] T-Al b 3fe#8^»»«F<©**JOaS 

S^ISma^T- *&^&^£&3@l£ovvTI34 7*5 

:Mt^iWj^Mtlt pzKy hus, t(DT — 
Ai"b»e:IKIS^2 4:SaiU ^ft^£^?^t-o 

(d/dt) 2 wm = J u • (d/dt) 2 0 u + J u • 
#lHjteW lcl~lc4C0 h/l^ r i te, 
(2 8) -C*ftbil5:tW*5 B ^rt% ti 
IUbMENiI c ICO h/i^£r x r2f±lertsttl c 2<7)h/W 
Ti =Hii • (d/dt) 2 0i+ 2 

j + i 



20 
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ions] *^\'-*&±ftmm<Dmtti*ft7r'-t% 

CPU l IteEU Hzjrrrxr-yj'SN i^mtt 0 

^^^SN2^iitf 0 ^T7^SN2tii > RAMI 3 

ft^ifc^T 5 — * J: j£ Uwmax , y wmax ) <t ^ (x 

, yw»in ) £ fett^flGRfettftft £ *T !7 

'*tt-C4>5o fsWiU-ywaax ttytt^Jfil— 

tt, x wmin x M*fa^fft^ 5 y TO in » y $ft 

[0 119] ^^/SNam P/K^h^yK^x 

i-ri:35S-C#S**:*Oia«Ay«K tl:0«AU ^ 

y/SN 5 — SN 1 2(D%±m%:ff0o ^T7./SN5T 
y coffin y Bin —y»ax (D$£ffl(CjoV^T A y ri:^^ 
Xf^/SN6-SN1 2^SS:ff % ^ 

[0120] 5£ (2 5) *&ib\zmAxn$rrz>b, Kk . 
tc^-r^ (2 7) tmt>tiz>« 



(d/dt) 0y • • • . . (2 7) 

^£r, T3li[sHsilc3(Z)b;^^ % 

[S& 3 ] 

Hi j • (d/dt) 2 0 j 



1 c 



j k 



f aH 1 j — L aH J" A . ( d / d t) « j • (d/dt) flk +Tg 
Va0 k 2 a0 i / 



rrr% _L^;o» l «H[Hlte*ft i oiHiKCJ; or &»rf 

M2^J;£<ftJl<£>n/K:y bT — ctoTIUtett i tf* 

Stts^h^^, » 3 *tt=iy mfoXteZio 

wu=f (0 m) 

(d/dt) wy = J m • (d/dt) 0 h 

Jm" 1 • (d/dt)wu= Jy' • Jy • (d/dt) 0 u 

Jy-' • (d/dt)wy== Iy • (d/dt) 0y 

(d/dt) 0 y = J y - l • (d/dt) wy 
(d/dt) 2 wy = J y • (d/dt) 2 0 y + J y • (d/dt) 0 u 



V (28) 

[0121] £ £>M, #[HHBtt 1 c 1 — 1 c 4 CD^jjgg 
(d/dt) 0 , ^AD3tS(d/dt) 2 0 fi, (2 9) , (3 
0) S:£JlT^i-J:5*c:aE»UT*«>&*iS. 
(29) - 



(30) 



(20) 
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(d/dt) 2 wu-Jy • (d/dt) 0u = Ju 
J y- 1 { (d/dt) 2 wy - J u • (d/dt) 0 
Jy" 1 { (d/dt) 2 wy — Ju • (d/dt) 0 
.'.(d/dt) 2 0y= Jy- 1 {(d/dt) 2 wy- 
[0 12 2] ££>Kl, *EHEttl c 1 — 1 c 4tf>^iIJr 

(d/dt) 0 j: ika Anxft (d/dt) 2 0 a» b , aas^f ^ 2 & 

« x (fctf |r] *5 «fc U* y «*FR]^««ii- £ ch # tf)#p jgg A 
iiSco^^ID^tc, H4 9*>J:3ftApj$ 
ft-^;y^»e>tLSo Sfelc±ia*ni8fl?AJ:*K paK-y 

^^SN7TU ^^sy^SNe.-C^^SpiSffAx^ 

mmm* tyesj cos-g^tt, ^y^sNs^i 

tf. ^7^SN8.m S^PitSAxmax t^fligftA 

8^iltr. ^fyySN9m (x, y) 

JtU ^7y^SN 1 0— 3itf« 

[0 1 2 3] ^r^ySNl OT'li, ^rs/^SN6t 
*»fcJmi(BEAy3fts**:aiiB«A^. « J: 9*Sv^5*> ' 

&wfrr*o ^<Dnm&m\ tyesj gd^^c^ 

^fy^SN 1 l^iS4> 0 ^fs/ySN 1 1 "CI*, ft^c 
*PilSAy»ax IcJoaiftAySrftAL. ^fy7"SN5^ 
mZ>o — ^ry^SNlO^WKr^ Tnoj 

1 2-Cte, >fiw y ^ ( X , y ) ^ry^SNS 

[0124] ^T^^SNUm xtt^ft^efct/y 
tt^li*3V^T**:»PiSfl[^#e>tufe^x c.yc CD* 
^$rx« <bL, ^ry^SN 1 4-~^gfr 0 7ry^SN 

J: 5M!7 — *«r««iS-ti\ Xf^ySN15^ii 
tfo ^f^^SNl 5^ !7— ^tfSp/tfy h/s^Kco 
»fl^ffl*tt*aLTl>5«L ^fy^SNie^I 

SNi Sfcas^T, !7— ^asosKy Kxn^ K<offijfftffiffl 
[0125] ^f^ysNi 7-ete, ifc^— 

^co^^^rxwc <fc Lfc«fc^— *«r&*U ^xsy^S 
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• (d/dt) 2 0y 

y) = Jy" 1 • Ju • (d/dt) 2 0u 

y} = Iy • (d/dt) 2 0y 

- J u ■ (d/dt) 0 y } 

*£/fiLTttiPU ^7^ySN2 0— iitfo ^y-f 
SN2 0m MSnt»^f-^S:ffl^tD#yh 

[0 12 6] EAJb, r(0»W^*16«SrBlflB«:#flHLT 

10 >fe<zrm&<, ^^»W©Sfl , Srif6JltlL*v^Bi^»:f1- 

Lfcj|16«-Ctt, xi, y*ll, z Mft>e>&& 3»C7cffilW 

Sr^iri-SAQfS^oi/^a*^^^ «kaco*j-«* z (ft 

v\ rasofcflmi; ssffipzK^ h^fA^i 

20 [0127] 

law©***] «±KWLfcJ:5fc:, f**Si *fctt» 

30 je^tt*jt*s. 

[0 12 8] »**3 4fctt«|*gi4*cB««>3SWI-J: 
[0 12 9] W*q[5jj:lB«<o»W^J:ttfi, *MB#tt 

[0 13 0] «*3S6»cEttwjBW«-J:n«, f^3R#tt 
so fi-rs&H^ ^ i: 6o 
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tmmmmm^mm^mmcmm Lxv-tio&vtmm 
mw.*&m'tz>^t&x$z> 0 £<bic % v-p&ftjim 

[Ell] r<z>$g^co— JUfcW^JiSP*^ b ^>fHHPafiH 

aKy h^*^<D«^&^j»ffiB^fc*o 
[8 3] P/Ky h l«>ft* j e7 tf >w*3j:t5oaRy h^<— * 

ffi«»*^i-RWB"CfcS. 
[1214] IW^^2 0j^ftH^J:ll e ^^IKo|Ut«: 

[85] »J»3SlB3W»J»*S:^i-^P y?fflxh% 0 
IB 6] Jfc*«Ht#*S^o«fclxt:*i-PADB'C 

[SI 8] #lHlteW^g^tt^*^^^SO«n^^:i-p 
AD0tfe5, 

IB 9] ^•B*r*ffifc»<ft3B©«h,*«i-pAD 
B"t?*S. 

[Hi 0] J6»ttBrt«B*tt0o^Wt4:«i-¥ffiB 

[Ell 1] »36ttBrt»S:»5o^i-tt 1 il<otl^7 f -y 

Sr*fe5*0fS^aEixS:*-j-PADB"C*>io 
[(Hi 2] fcKIKBrtttfcfc^o^WI^^T*— * 

[Eii 3] aag(SBrt«fiJ*a?»o^i-toa^«Eixs:^-r 

PAD0-Cfc5 o 

[Ell 4] »3SffiB^!7 — ^offi«^offi«B8«S:^"f 
TBaB-CfcS. 

¥ffiB"C*>So 

[Ell 6] Jft»«Bt!7-^^ffilltoffi«H»«:^r 
[Ell 7] 7~?&&W)£l£Zf&m*^TPAr>mX'&> 

So 

[Ell 8] !7 — ^4r»lli**S*a«r*-rPADBT*> 
[Ell 9] 17 — ^Sr»K)S^:S*a3SS:^-rPADB-e*) 
[020] ik«^-^t:*^lci^r6*!H«r»'t« . 



(21) ^p^s-i 9 4 5 1 2 
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[821] 57-^^W*ttBrt»-Abftl^»*^5c» 

[B2 2] !7— ^©*/h»»i«aSS«[B*»6>«*fflLT 

[EI2 3] ttKtBB^&n»ULTl^5l7 — *fcSH-5 
ffc^z 5 — * £r*& jE"T 5 Sr ^-f P A D m X & 6 0 

[824] a«^5B^&tt*.HlLTV^S^7-^^«•"t■5 
tfc^— * £tt"E-f 5*Qf3S£;^-r P ADHtfe^o 
10 [E12 5] * — ^yu_b<7) 9 — ^ (DitLW t m^>- 

[82 6] ?—i<''r—7 t ;u±(Dy — ? *i&m£^:Z>%±m 

[827] isr— zf/\s±<oy— ?&&m& j &z>tiam 
&7F-fPAr>mx&>z> 0 

[82 8] >7*— t^m^^tim 

^tPADHlTfc6 0 

[B2 9] a«H6*E?y«:*«><5*Qa4r*"rPADB"e 
20 [83 0] 3f^JS*ei±o^*t?»5K^^2 4fe«Sr# 

[83 1] m7£<D&&M±<Dm&xmm# s s 2&$&&& 

i8^1^t6MI^tPAD8tfc6 0 

[83 2] .Bf^asj«±^iaa-cttK^^2 5fe«8*» 

««r»tS*5ftIS:*tPADH"C*)S. 
[83 3] BfS^a*«±Oigft^8ft«^^2*«S:» 

30 n s-fr s r * ^-c# xmmx^ 2 * 

_«aSr»»S-^Sftia4:^-rPADB"C*>S. 

[83 4] ffij&<Dmm&±(Dm&xmm#^2 2ci!&$:» 

B^l^itSMI^tPADitfo^ 
183 5] W*«i8*«±^i*ft-t?»»^^24fe»tr» 

iti £-£6 zmw&ftmcfe^xmmx^ 2 * 

«8Sr»»S-&SttJlS:^-rP ADBt?*>S. 
[83 6] W*^*««-b«>i««"CftS6^>'2ife*S:» 

40 «^-r^®8"efo^ 0 

[837] ffife<Dmm&±<Dmmxmm#^2ftm&» 

[83 8] MS^iiSW±^i$Jtr*m^^2 5t*g^ 
[83 9] W^ii«eJl±coa«-cft36^>'2 36«Sr» 

n ^-^5 r t &x% zm&oftmic&tf z>y-?<Dmw. 
m&Tii-tw-fcmxibZo 
50 [840] m&MtiWM^mm ttt^r-^^»t 



41 



(22) 



- 1 9 4 5 1 2 

42 



S*W«r*rPADia-Cfc5. 

[04 i] iasffi^iawfrfijfflLrK^-^sragifei- 

[1214 3] aa^>2Jfeffl^»»3Sff^**:fl|[i:*S«- 
[04 5] ^(IBA^JtWfflUTJft^-^SrSC* 

u ^(Diemsrs^-rsftiasr^-rPADia-efeSo 

[04 6] tt^-r — ^coSESI«*«>*^J-C*>S. 

[84 7] h^yK^iats^^^t^oiig 

4r*i-PADEI"C&<5 0 



10 



[04 8] p*y 4:* o***oaUC 

[04 9] ntf* h'^KaqMW 5B^D5tS^^^ 

1 ntf;yK 2 &36;*f:^ 3, 103 

mmmw, 4 #tc»^h, 11 cpu, 

12 ROM, 13 -RAM, 14 FDD, 

15- *-f-*\ 16 *fcT— 17 ftfls 

«fiHjf^3SS^ 18 ^K7^^, 19 * 

— 2 0 sn^/ia — £T 



II] 



13- 



FDD 



15-^ 



RAM 



ROM ~I2 



CPU 



17 



18 



,16 



! r 

1 
1 

1 

1 
1 

t 



3 



1 1 



19 

! 



4 

_4_ 



[02] 



[06] 




start 



SAI 

( 



BttttOJUU 



•SA2 
— SA3 



end 



-SA4 



(24) 



1 9 4 5 1 2 



[05] 



im2 5] 



tfiref + 




end 



rSB7 



9 a ref *-0 a mtn 



rSBS 



( 0 3 ref > 0 3 ain) 
AND 0>#min) 



( SB9 

- | 6 3 ref fl 3 ref - Afl 3 | 



6 



[Bio] 



(xoax, y nax ) 




XC13 



xco] 



(xnln, yoln ) 



(25) 



t&MW-Q - 1 9 4 5 1 2 



[(219] 



113] 



start 



&5g#>ON"| SCI 



6 3 ref aai ] *-^-SC2 



0 2 ref «- 0 2 max J * — SC3 
rSC4 



0 a ref >«-0 2 Pin |{ - 



rSC5 

0 2 ref --0 2 ref - A 7 | 



0 2 ref "-0 2 fflin | SC6 

rSC7 rSCe 

0 3 ref -*-0 3 ref - A 6* \ 



CO 3 ref > 0 3 aitO 
& (0>tfmin) 



0 a ref 



< 0 8 oa^j^ - 



rSCIO 



102 ref-^08 ref + A 0 2 



r*" ( cscia 

0 3 ref < 0 3 «ax [J | 0 3 ref «- 0 9 ref + A 0 9 | 



^^>QFF}-wSCI3 



end 



start 



~S£2 



\ — SE3 
-SE4 



end 



11 1] 



start 



] 



CS02 



TO-f-^OFF, l-aa_f*-0 F F 



1 — SD3 

Ui 



x £xmax 



end 



r S05 



f*-ynin +AyXj, x*-xmln + A x x i | 



-SD6 



(x, y, z. a) <fct>£lsH£ttlo 

as (0i . 62 . ) 



-SD7 



© 



(26) 



9 4 5 1 2 



fl 2] 




.SD9 



,SDIO 



va-f 
= OFF?/ 



*[tp3*«- (x, y, z, cp] 



cSDH yes 



(SDjg 



I-aa-f / 


X[tp] 




-ON / 


(x. y, z, at) 


7 \ 


ma-f = 


ON 








tp^tp+ 1 






l_ma-f*-ina_f i 




na_f«ON 




— -S0I3 


+ 1 






A j +-A j XC-1) 





f SDI5 



l-ma-f—na-f 
na-f-ON 
j-J+A J 



-SDI4 



«ON? i 





1) 




J-j+A j 






y*-ymin +A 


y x j 




x[tp]«- <x. 


y. z. 


a) 


tp*-tp+ 1 






i-i +1 






x x oin +A 


x + i 




x[tp]*- (x. 


y, z. 


a) 








ma_f*-0 N 






tp^-tp+ 1 







l_jna-f«-ma_f 
ma-.f— 0 F F 
l^J +A j 



SD(6 
-SDI7 



Ca) 



II 4] 
Qo Qi 







30 








G 

• 


! 
i 
i 









03 



Q2 




12 0] 



Qo 



Q3 



Po 


Pi 






P3 










Ps 






PT 


P*J 






VS! 


Pe 










Pi i 


Pio 



Qi 



Q2 



1 5] 



Ca) 




31 



(27) 



#8B^P 8-194512 



117] 



start 



SFI 



Unit _f— ON 



~-SF3 



limit >ON 
£10 



i 

SF4 



SF5 



h = 0~3 



SFI6 
JL 



lin-chk a^coia^^ 

tf^CDlini.chk 



0® 



SF6 

X :i res 



,SF7 



h*3 ? 



< Eg 



-Qh x, -Qh+1 



Xl -Xo I 



-SF9 



lim_chk[h]*-0 [~ SR0 



x = x 0 ~x, 
STEPA 1 ♦ e v 



SFI5 



licuchkCh] x A 1 
I x t -xo I 







r SFI4 




JinLchk[h]«- 
H«_chk[h]-H 



(D 



SF/7 
JL 



lWhk[0]=lim_chk[2] =1 



lim_chk[03 = l 
Ii^chk[l]-1 
lin_chk[2] =1 
lini_chk[3] = l 
IijB_chk[h]*<"r-<TO 



118] 



— SFI9 



--SF20 



— SF2! 



— SF22 



— SF23 



limit _f«-0 F F 



SF24 



][— SF25 



(28) 



¥fffl¥-8- 1 9 4 5 1 2 



II 91 



SF26 



r SFZ7 



end 



liait_f=ON? / yea 



r SF2B 



.SF29 



12 2] 




I24] 



® 



( SGIO 




r SGII 






limit f / y e8 
*ON? J 














r SGI2 






Qh£Q' h©l$iRffAq= | Q* h-Qh 








r SGI3 




^SGf4 






Aq<e? / 












rSGI5 




no 





(29) 



1 94 5 1 2 



[02 3] 



b tar t I 



rSG 



h = 0~3 



rSG4 



rSG5 



i = 1-4 



0 



- 0 i >B Imax ? / 


limit f—ON 


1 \- 


e 1 max 










yes 




0 l< 0 I min ? / 


limit _f-0 N 




0 i «-9 i min 


■™ " i 


SG9 



end 



SG8 



12 6] 



start 



^^-^^S^^ge^ 1 —SH2 



Halt _f^ON*~[^SH3 ^sh5 S ^ 



SH6 



,SH7 



liait >ON 

si o 



SH4 



= 0-3 



Hn_chk **cDiZl*i8tt 



0© 



h*3 ? 



yes < 

^ | x 0 -Qh x, ^Qh + 1 | 

no | up <*- Q 3 xi *-Qn j 



X 0 I 



-SH9 



SH8 



lia_chk[hj«-0 [ ^SHIO 



SHI2 



X »X 0 —X | 

STEP A 1 • e v 






f SHI3 (-SHI4 


^SHII 


liuuchkWx A 1 
1 x , -x 0 1 






tim chk[hj- 
Hn_chkL*iJ-l- 1 



SHIS 



(30) 



1 9 4 5 1 2 



12 7] 



SHI7 



r SHl8 



Iim_chk[h3^f ^Tl 



lin_chk[0]=liiB_Ghk[n=l 
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